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(57) ABSTRACT

Method and device for selectively etching a first material (4)
relative to a second material (2), comprising a bath (11) of a

solution capable of producing at least one chemical species
for etching the first material (4) but not the second (2) and a
system (12) for generating ultrasound at a frequency between
100 kHz and 3 MHz 1n the bath in order to produce cavitation
bubbles.
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1
METHOD FOR SELECTIVE ETCHING

The present invention relates to the field of etching a mate-
rial.

The present invention may relate more particularly to the
field of the production of semiconductor components, 1n
which, during production, numerous steps are generally pro-
vided for selectively etching one matenial relative to another
or others, to the field of recovering semiconductor substrates
having defects, 1n which it 1s desired to remove a surface layer
in order to recover a subjacent substrate, possibly already
provided with a certain number of layers formed 1n a suitable
way, and to the field of improving the surface state of a layer
ol a material.

Generally, when 1t 1s desired to remove a layer deposited on
a substrate 1n a selective manner relative to another layer, after
having possibly masked part of the layer to be removed it 1t 1s
desired to remove only part thereof, two main methods exist
in the field of the fabricating semiconductor components.

The first family of methods consists of “wet” etching in
which the structure, one layer of which 1s to be etched, 1s
immersed in an etchant, typically one based on hydrochloric
or hydrofluoric acid. Several mixtures have been developed
tor allowing selective etching of one layer relative to another,
for example a silicon oxide layer relative to a silicon nitride
layer, a silicon oxide layer relative to silicon, or a metal layer
relative to an 1nsulating layer.

Within this family, document U.S. 6,746,967 describes a
method for oxidizing nickel 1n an oxidizing solution at a
controlled pH. Simply to accelerate oxidation, the presence of
low-1frequency ultrasound modifies the energy barrier neces-
sary for the nickel to be etched by the solution.

The second family of methods, called “dry” etching, con-
s1sts of placing the structure carrying the layer to be removed
in a plasma containing etchants, for example active radicals of
chlorine, fluorine, oxygen eftc.

The second family of methods has many advantages com-
pared with the first, notably from the fact that 1t permits
anisotropic attack and that it often has better etching selec-
tivity between two materials. However, 1t has the disadvan-
tage of requiring complex equipment and, 1n the case where
the layer to be etched 1s carried by a silicon substrate, of only
making 1t possible to treat one or two silicon substrates at the
same time. On the other hand, although the first family of
methods 1s often impossible to put into practice when 1t 1s
desired to perform highly selective etching of one material
relative to another material, i1t has the advantage of allowing,
batch treatments, 1t being possible for many wafers to be

placed 1n a boat and then immersed in the etching solution.

Various variants of these two families of methods are
known to a person skilled in the art. For example, as regards
the “wet” etching method, 1t 1s sometimes proposed to
improve the result by applying an electric field between the
material to be etched and the etching solution.

A third family of methods, more generally used for clean-
ing and degreasing surfaces, consists ol immersing the sur-
face 1n a cleaming bath, for example an alcohol bath, and of
applying sound vibrations to the liquid medium at relatively
low sound frequencies, usually of the order of 20 to 45 kHz.
The vibrations then assist in detaching dirt particles from the
surface to be cleaned.

In addition, 1n “wet” etching methods, mixers are normally
used to circulate the etching liquid over the surface of the
material to be etched, and possibly low-frequency sound
waves, between 1 and 40 kHz, 1n order to improve mixing. For
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example, in document U.S. Pat, No. 4,544,066, the solution 1s
agitated by low-1requency ultrasound in order to even out the
reaction over the surface.

One subject of the present invention 1s a method for selec-
tively etching a structure comprising at least one first material
to be etched and at least one second material.

According to the mmvention, this method comprises the
following steps:

choosing at least one chemical species capable of reacting,

with the first material and of not reacting with the second
material;

choosing at least one soluble compound that does not react

with said materials but which 1s able to release the afore-
mentioned chemical species;

producing a solution containing said compound;

immersing the structure 1n the solution; and

producing ultrasound in the solution with at least one fre-

quency capable of generating cavitation bubbles such
that the chemaical species 1s generated and reacts selec-
tively with the first material, while producing a soluble
compound or a precipitate.

According to the invention, the ultrasound frequency may
lie between 100 kHz and 3 MHz.

According to the invention, the ultrasound frequency may
lie between 200 kHz and 600 kHz.

According to the mvention, the solution may be at a con-
centration of less than five moles per liter.

According to the ivention, the period during which ultra-
sound 1s produced may be determined in order to remove the
first material completely.

According to the invention, the period during which ultra-
sound 1s produced may be determined in order to remove the
first material from uncovered surfaces of the latter.

According to the invention, the period during which ultra-
sound 1s produced may be determined 1n order to reduce the
roughness of the surface of the first matenal.

According to the invention, the period during which ultra-
sound 1s produced may be determined 1n order to reduce the
thickness of the first material.

The other subject of the present invention 1s a device for
selectively etching a first material relative to a second mate-
rial.

According to the invention, this device comprises a bath of
a solution that does not react with said materials but which 1s
capable of producing at least one chemical species for etching
the first material without etching the second and a system for
generating ultrasound at a frequency between 100 kHz and 3
MHz 1n the bath.

The present mvention will now be described 1n greater
detail through the description of particular embodiments, as
nonlimiting examples, in relation to the etching equipment of
the appended single figure.

EXAMPLE 1

A structure has been represented 1n the figure in the form of
a waler 1 comprising a silicon substrate 2 coated with an
insulating layer, for example a layer of silicon oxide 3 etched
in a certain pattern so as to exhibit mnequalities 1n thickness,
for example 1n a checkered pattern, and covered with a layer
of copper 4. Normally, 1n practice, an intermediate tie layer,
for example a layer of titanium nitride TiN, 1s deposited at the
interface between the oxide layer 2 and the copper layer 3.

As an example of the order of magnitude, the silicon wafer
1 may have a thickness of several hundreds of um, the oxide
layer 2 may have a thickness less than 25 um and for example
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a thickness less than 0.1 um 1n 1ts thinner parts, and the copper
layer may have a thickness of the order of 1 um.

In a variant shown 1n the right-hand part of the water, an
attempt 1s made to remove the copper layer 3 completely so as
to recover the subjacent substrate.

According to another variant shown on the left hand part of
the waler, an attempt 1s made to remove part of the layer 3
locally that 1s unprotected by a mask 5, 1n order to perform an
intermediate step for producing a semiconductor device.

In order to etch the copper layer 4, the water 1 contaiming,
a solution or bath 11 contained 1n a chamber 1s immersed and
an ultrasound emitter 12 or other source of high-frequency
sound waves, introduced into the solution 11, 1s activated.

A solution 1s chosen containing molecules that do not etch
copper or silicon or the mask and are capable of releasing a
chemical species capable of reacting with copper without this
chemical species reacting with silicon and with the material
of which the mask 1s made.

High-frequency sound waves are chosen that are able to
generate cavitation bubbles, namely sound waves having a
frequency above 100 kHz, for example between 100 kHz and
3 MHz, preferably between 200 kHz and 3 MHz, and even

more preferably of the order of 200 to 600 kHz. Within these

frequency ranges, the size of the cavitation bubbles may reach
values of the order of 1 um for frequencies of the order 01400
kHz and fall again to values of the order of 0.1 um for fre-
quencies of the order of 1 MHz.

According to a particular example, 1n order to attack the
copper layer 4, a solution of HCl may be chosen at 1 mole per
liter and an ultrasound emitter 12 may be chosen providing
sound waves at a frequency of the order of 400 kHz and at a
power of the order of 300 watts.

Under these conditions, cavitation bubbles that last a very
short time, 1n which the pressures may reach values of the
order of several atmospheres and the temperatures may be
close to several thousands of degrees, are generated, notably
and more particularly at the surface of the water 1, and bring
about the formation of the chemical species CI° from mol-
ecules of HCI. The chemical species C1° produced reacts with
copper, producing CuCl or CuCl,.

It should be noted that the etching obtained 1s quite specific
to the phenomenon of creating the chemical species CI1°. In
point of fact, copper 1n contact with an HCI solution with the
same concentration does not react, even 1n the presence of
agitation created by an ultrasound emitter at a low frequency,
for example 40 kHz.

For the thicknesses indicated above, after an exposure of a
few minutes, complete removal of the metallic copper layer 4
1s obtained, totally or locally, without the silicon oxide layer
3 being etched, that 1s to say without etching that could be
greater than approximately one nanometer.

EXAMPLE 2

Using a silicon waler carrying a silicon oxide layer, an
attempt 1s made to remove this silicon oxide layer.

This water 1s placed i a solution of NaOH (sodium
hydroxide) at 1 mole per liter and sound waves at a frequency
of the order of 400 kHz and a power of the order of 300 watts
are emitted into this solution.

Under these conditions, as in the previous example, cavi-
tation bubbles generated 1n the solution, notably and more
particularly at the surface of the wafer, bring about the for-
mation of the chemical species OH®° from NaOH molecules.
The chemical species OH® produced reacts with silicon oxide
producing Na,S10,,.
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After a few minutes, the layer of silicon oxide 1s removed
without any etching of the subjacent silicon.

It may also be noted that in the absence of sound waves at
the frequency indicated, silicon oxide 1s not etched by sodium
hydroxide.

EXAMPLE 3

Using a silicon water carrying a copper layer as 1n example
I or a layer of silicon oxide as 1n example 11, an attempt 1s
made to reduce the roughness of the surface of this layer.

To this end, the conditions of example I or of example 11
may for example be employed respectively, but the action of
the ultrasound emaitter 1s limited 1n duration, for example to a
few seconds, so that only the material constituting the rough
regions or asperities 1s at least partially etched.

Attack of the rough regions 1s more effective as the density
of the cavitation bubbles increases at the ends of these rough
regions or asperities.

EXAMPLE 4

Using a watfer having a copper layer as 1n example I or a
silicon oxide layer as 1n example II, an attempt 1s made to
reduce the thickness of this layer.

To this end, 1t 1s possible to employ for example the con-
ditions of example I or of example II, but the duration of the
action of the ultrasound emitter 1s limited and controlled so
that the remaining thickness of the layer reaches a desired
value.

Considering the previous examples, the present invention
1s generally applied to the selective etching of a first material
relative to a second material of a structure, while making the
following provisions.

A chemical species 1s chosen that 1s capable of reacting
with the first material to be etched and of not reacting with the
second material.

A soluble compound 1s chosen that does not etch the mate-
rials and 1s capable of releasing the selected chemical species.

Having prepared a solution containing this compound and
having immersed the structure in the solution, ultrasound 1s
produced 1n the solution, at a frequency capable of generating
cavitation bubbles.

The result 1s that cavitation bubbles, 1n which pressures
reach values of the order of several atmospheres and the
temperature approaches several thousands of degrees, bring
about the production, 1n the solution and notably 1n the vicin-
ity of the solid surface to be treated, of the chosen chemical
species that reacts selectively with the first material produc-
ing a soluble compound or precipitate, without etching the
second material. It may be considered that a certain equiva-
lence exists between what has just been described and certain
plasmas.

In order to select the suitable chemical species and the
suitable soluble compound, a person skilled in the art waill
know how to use for example the “FactSage” software con-
taining the European SGTE database so as to determine a
chemical species likely to react with a first material to pro-
duce a soluble compound or one that can easily crumble away,
or a precipitate, this chemical species not reacting with a
second materal.

The SGTE database 1s not the only thermodynamic data-
base available to a person skilled in the art. Other existing
bases exist such as for example the “Thermo-Calc” software.
In order to access the “Thermo-Calc™ or “FactSage™ software,
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it 1s suflicient to connect to the following websites: http://
www.thermocalc.com; www.factsage.com; www.gtt-tech-
nologies.com.

These bases serve to support software programs which, by
mimmizing the Gibbs energy, are capable of giving thermo-
dynamically stable compounds that will be formed by chemi-
cal reaction from a given starting mixture. “Thermodynami-
cally stable” 1s understood to mean a product that would be
obtained after an infinite reaction time. The following may for
example be observed.

a starting mixture of silica+solid copper+HCI diluted to 1
mole per liter does not change (remains stable). If 1t 1s
added 1nto the calculation that C1° radicals exist 1n solu-
tion, solid copper will be transtormed completely nto
Cu(OH),, and Cu”* but silica will not change;

a starting mixture of silicon+silica and sodium hydroxide
at 1 mole per liter 1s a thermodynamically stable mixture
(no change). I 1t 1s added to the calculation that the
chemical species OH® or Na® are to be formed 1n solu-
tion, the thermodynamic software shows that silica waill
be converted into the solid compound H,S10, while
silicon will remain stable.

A person skilled 1n the art will know how to determine what
chemical species may form 1n a grven solution and how to test,
by using the abovementioned software, what phases (com-
pounds or pure bodies) will be stable 1n solution and which
will change by chemical reaction.

The following examples may be noted for choosing a
chemical species intended to etch a first material without
ctching a second material of a wafer.

The chemical species OH® may be active for etching Si,
without etching S1Ge.

The chemical species H® may be active for etching InSnQO,,
without etching S10,,.

The chemical species C1° may be active for etching Cu,
without etching S10,,.

The chemical species F° may be active for etching Si,
without etching a polymer.

The chemical species C1° may be active for etching Au,
without etching an AIN ceramic.

The chemical species OH® or the chemical species C1° may
be active for etching Al, without etching Al, Q..

The chemical species OH® may be active for etching W,
without etching Al,O;.

The chemical species CI° may be active for etching Cu,
without etching S10, or a TiN ceramic.

The chemical species H® or the chemical species CI° may
be active for etching InSnO,, without etching a polymer or a
glass.

The chemical species Na® or the chemical species F° may
be active for etching S10,, without etching Al.

The chemical species H® or the chemical species F° may be
active for etching Al,O,, without etching W.

The chemical species Br® may be active for etching TiN,
without etching S10,.

The chemical species K° may be active for etching Si1,N_,
without etching S10 or a polymer.

The chemical species C1° may be active for etching a TaN
ceramic, without etching S10,,.

In addition, a person skilled 1n the art will know, by simple
tests, how to determine in each particular case the concentra-
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tion of the chosen solution, the optimum frequency and opti-
mum power of the ultrasound so that the efiect of the cavita-
tion bubbles produced will bring about the desired etching, as
well as the duration of treatment to be applied to the first
material to be etched.

Among the advantages of the present invention, the great
simplicity of the implementing device will be noted as well as
the fact that a batch of waters may be treated simultaneously

in the same bath.

In another example, the present invention may be used for
cleaning electrical contact points, 1n particular for chemically
ctching aluminum particles deposited on tungsten probes
used for testing electronic chips.

Another advantage of the present invention lies 1n the fact
that the solutions used are at low concentrations and are
therefore not very harmiul and do not present, or present only
few, environmental problems.

In addition, as a complement to ultrasound, an electric field
could for example be applied between the material to be
ctched and the etching solution 1n order to modily the treat-
ment.

The invention claimed 1s:
1. A method for selectively etching a structure (1) compris-
ing at least one first matenal to be etched (4) and at least one
second materal (2), comprising the following steps:
choosing at least one chemical species capable of reacting,
with the first material (4) and of not reacting with the
second material (3);

choosing at least one soluble compound that does not react
with said materials but which 1s able to release the afore-
mentioned chemical species;

producing a solution (11) contaiming said compound;

immersing the structure (1) 1n the solution; and

producing controlled ultrasound in the solution with at
least a frequency between 100 kHz and 3 MHz and at a
power capable of generating cavitation bubbles such that
the chemical species 1s generated and reacts selectively
with the first material, while producing a soluble com-
pound or a precipitate.

2. The method as claimed in claim 1, in which the ultra-
sound frequency lies between 100 kHz and 3 MHz.

3. The method as claimed 1n claim 1, in which the ultra-
sound frequency lies between 200 kHz and 600 kHz.

4. The method as claimed 1n claim 1, 1n which the solution
1s at a concentration of less than five moles per liter.

5. The method as claimed 1n claim 1, 1n which the period
during which ultrasound is produced i1s determined 1n order to
remove the first material completely.

6. The method as claimed 1n claim 1, 1n which the period
during which ultrasound is produced is determined 1n order to
remove the first material from uncovered surfaces of the
latter.

7. The method as claimed 1n claim 1, 1n which the period
during which ultrasound is produced 1s determined 1n order to
reduce the roughness of the surface of the first matenal.

8. The method as claimed 1n claim 1, in which the period

during which ultrasound 1s produced 1s determined 1n order to
reduce the thickness of the first material.
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